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Abstract 
The Dulce Creek Basin (1000 km2) is situated in the Buenos Aires’s Sate and flows into the Mar Chiquita lagoon, 
(MAB Biosphere Reserve – UNESCO). While land cover on the upper basin is dominated by field crops, the low 
basin is mostly occupied by livestock grazing systems. The increased use of inputs (agricultural intensification), and a 
high degree of riverside vegetation’s degradation in the grazing zone, represent an increasing pollution risk for 
surface water bodies and groundwater. The aim of this work was to find suitable driving factors for a dynamic land 
cover simulation model (Dyna-CLUE) since1997 to 2005 using logit regression models. Land cover change (Crop, 
Pasture, Grassland, and Others) was simulated using eleven driving factors accounting for geographic, climatic and 
soil and infrastructure features. We assessed multicolinearity from the Pearson correlation matrix, and only 
uncorrelated variables were applied in the logistic regression. Waterlogging, altitude, geomorphology and soil 
productivity were the main driving factors for the predictions of land cover dynamics, as selected from logistic 
models. The land-cover simulation model was run according to the actual trends of agricultural expansion. The 
accuracy of predictive models was tested using receiver operating characteristic (ROC) curves and the good fit 
showed by the Dyna-CLUE model to data, support its suitability for simulation of land cover dynamics of the Dulce 
Creek Basin. The expected trajectory of land cover according to current trends warns about a progressive decrease of 
grasslands cover, and the associated loss of their ecosystem services. Further simulations upon alternative scenarios 
can help land use planning for production and conservation objectives. 
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1. Introduction  
Argentina's economic development depends mainly on the agricultural sector and Chinese, Indian and 
Russian markets promote this development [1]. Despite the 2009 global economic crisis, the Argentine 
economy was strengthened by the rise and fall of the dollar due to exports and its growth rate was 4% 
([2]). In the last 40 years the sown areas of cereals and oilseeds in the country increased by 55% while 
annual and perennial pasture areas decreased by 22% [3]. Between the last two agricultural censuses 
(1988 – 2002) the soybeans area increased by 150% and livestock production was moved to land with 
marginal agricultural capacity [4].
The increased use of inputs (fertilizers, pesticides), associated with agricultural intensification, may 
generate negative impacts such as soil and water pollution and environmental degradation ([5], [6], [7]) 
and cause direct impact on biodiversity (bird mortality due to pesticides in 29 wild species, [8]). In order 
to understand the environmental impacts associated with agricultural process, land use change in 
environmentally fragile areas requires constant monitoring ([9]).  
Land use changes have been influenced by different interactive processes involving both biophysical 
factors and human decision. The models help to understand the dynamics of land use change, to identify 
areas of greater environmental risk, to project future conditions and to develop strategic plans to mitigate 
negative trends. To know the how, where and why changes may occur is useful for natural resource 
conservation organizations, governments and the population in general ([10], [11], [12], [13]). 
The rising awareness of the need for spatially-explicit land-use models within the Land-Use and Land- 
Cover Change research community (LUCC; [14]) has led to the development of a wide range of land-
use/cover change models. Whereas most models were originally developed for deforestation (reviews by 
[15]) more recent efforts also address other land use conversions such as urbanization and agricultural 
intensification ([16], [17], [18]). Examples of such integrated land use models include the SLEUTH 
model [19], CLUE-S ([20], [12]), Fore-SCE [21], LTM [22] and DINAMICA [23].  
Monitoring landscape and land use/cover changes is considered an essential first step in assisting the 
identification of driving factors [24] and providing the necessary data for modelling. The aim of this work 
is to identify adequate driving factors for a dynamic land cover change simulation model in the Dulce 
Creek Basin between 1997 to 2005 using logistic regression models. 
1.1. Study area 
The Dulce Creek Basin (1000 km2) is located in the southeastern Buenos Aires’s State and flows into 
the Mar Chiquita lagoon (Fig. 1). The area of the lagoon was incorporated as a MAB Reserve (Man and 
Biosphere Program, UNESCO) in 1996 due to the high conservational value of its ecological regions 
(plains, flood plains, marshes, deltas, dune barriers) [25]. The study area was chosen, because it mainly 
consisyed of two competing land uses, crop fields (mostly annual crops) and livestock grazing systems 
(cultivated pastures and semi-natural grasslands). In the basin there are two geomorphological areas. One 
of them presents ranges (Tandilia Range) and has Typic Argiudolls and Petrocalcic Paleudolls soils (slope 
and water storage limitation, called Pampa Austral). The other area corresponds to the “Pampa” plain, 
with soils such as Petrocalcic Hapludolls (sodium excess, drainage problem and high pH). 
2. Methods and materials 
An empirical land-use model, called Dynamic Conversion of Land-Use and its Effects model: Dyna-
CLUE 2.0 [26], was used in the simulation of future land-use patterns in the study area. This model is a 
dynamic spatial simulation methodology which uses patterns of historical and current land-use related to 
socio-economic and biophysical driving factors at different scales. These driving factors are critical to the 
exploration of possible land-use changes at a medium-term (20 years).  
















Fig 1. Location map of the Dulce Creek Basin. 
In order to achieve this simulation, and because land-use changes are related to a large number of 
biophysical and socio-economical factors, the model uses the coefficients (ȕ) from a logit regression 
model, where land use is the dependent variable and the driving factors are the explanatory or 
independent variables. In this work a forward stepwise logit regression was applied and the best-fit logit 
regression model with the smallest number of significant explanatory variables was selected for 
estimating coefficients (ȕ). The goodness of fit was tested with the ROC method ([27]).  
The model is sub-divided into two distinct modules, a non-spatial demand module and a spatially 
explicit allocation procedure. The non-spatial module calculates the change area (demand) for each 
simulated year for all land use types. This demand could be calculated using simple trend extrapolations, 
economics model or real data. In the second part of the model, these demands are translated into land use 
changes at different locations within the study region using a raster-based system. The allocation is based 
upon a combination of empirical, spatial analysis and dynamic modeling [10]. 
2.1. Model Structure for study area 
The driving factors used were: waterlogging, altitude, aspect, slope, geomorphology shapes, soil 
productivity, annual rainfall mean and distances to cities, roads, water body and creeks. For this study, a 
DEM SRTM image was used, cartographic information was digitalized in a high resolution image, 
climate information was provided by the Argentina National Meteorological Service and soil information 
was obtained from the National Institute of Agricultural Technology in Argentina for the soil 
productivity.  
Nine land covers (agricultural campaign 1997-1998 to 2005-2006) were carried out using remote 
sensing data, and used in a non spatial module as demand information. In the Dulce Creek Basin four 
land-cover types were distinguished: Crops (annual agricultural crops), Pasture (sown pasture), Grassland 
(natural fields which could have some human intervention) and Others (range, forest, urban area, dunes 
and water surface). Multicolinearity was assessed among driving factors following the Pearson correlation 
matrix, and only uncorrelated variables were applied in the logistic regression. From pairs of correlated 
variables we selected those that were more strongly related to the dependent variable (land-cover). 
3. Results  
The estimated coefficients and relative operating characteristic values of the following stepwise logit 
regression models were obtained for all land covers (Table 1). Waterlogging, altitude, geomorphology 
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shapes and soil productivity were the driving factors selected by logistic models to predict the dynamics 
of land cover in this study. Geomorphology shapes and soil productivity are the two more important 
driving factors for crops cover, and waterlogging for pasture and grassland. Assuming a continuation of 
present trends in land-use change, an agricultural scenario was simulated for Dulce Creek Basin (Fig. 2). 
Decision rules included in the model were: no protection of the natural area; and a relatively high value of 
the elasticity parameter for crops (0.3) and low values of this parameter for pasture (0.3), grassland (0.5) 
and others (0.8).  
Table 1 Estimated coefficient (Beta) values for relationship betwen land-cover and driving factors on Dulce Creek Basin 
For the year 2005, simulation results show that crops (+3.21%) are expanding in the uplands and 
lowland basin, while pasture (+9.72%) expands in the middle basin. The area of grassland (-6.01%) 
decreases in the middle basin and lowland (Fig. 2). The results of the eight years simulation show a good 



















Fig 2. Simulation results. A, Land-use situation at the start of the simulations in 1998; B. Simulation result for the 
agricultural scenario in 2005 
Factors Driving  Crops Pasture Grassland 
 Beta Exp (B) P-value   Beta Exp (B) P-value   Beta Exp (B) P-value   
Constant -2.714  < 0.05 0.938  < 0.05 1.839  < 0.05 
Soil productivity  0.017 1.017 < 0.05 0.0002 1.00 < 0.05 -0.0053 0.994 < 0.05 
Geomorphology 0.745 2.106 < 0.05 -0.047 0.953 < 0.05 -1.387 0.249 < 0.05 
Altitude  -0.006 0.994 < 0.05 -0.004 0.995 < 0.05 -0.007 0.993 < 0.05 
Waterlogging -0.053 0.948 < 0.05 0.061 1.063 < 0.05 0.038 1.038 < 0.05 
ROC value 0.911   0.886   0.937   
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4. Discussion 
The logit models helped to estimate the effects of driving factors on land-covers. The location and 
distribution of crops, pasture and grassland are influenced by biophysical factors (waterlogging, altitude, 
geomorphology and soil productivity). The logit model results indicate that crop locations are jointly 
determined by the biophysical parameter of geomorphology shapes (the highest value of the coefficient). 
Pasture and grassland are strongly influenced by the biophysical factor of waterlogging. This is because 
the soil in the flooded area is of poor quality, so it is very likely to find only pasture or grassland in those 
areas. The logit model did not include the factor of population density, because the study area is a rural 
watershed and its population is not a significant variable for the model. 
In this study, the relative operating characteristic values vary between 0.88 and 0.93 depending on the 
type of land-cover, implying that the logit regression model effectively represents land cover distribution.  
5. Conclusions 
The study results show suitability of the Dyna-CLUE model for Dulce Creek Basin using logit 
regression models. The evolution of land cover according to current trends warns of vegetation decrease, 
causing loss of natural grassland area. The main limitations of applying these models are their 
incapability to simulate land cover dynamics in areas without a land cover change history and their 
incapability to run on a 2000x2000 raster format. For these scale limitations landscape details are loosen 
because it is necessary to lower spatial resolution. On the other hand the advantages of this model are the 
capability to understand the landscape process on Dulce Creek Basin and to acquire knowledge of 
agricultural activities impact over time. The most important reasons for choosing this model were the 
flexibility of the input data (driving factors) and free access to the model.  
This exploratory study highlighted the importance of reliable records of spatially explicit information 
adequately describing historical trends in land use plans, progress in physical planning and policy 
development for sustainable use of integrally natural resources. Also, using simulation models in different 
situations appears to be a powerful tool in predicting and calculating the effects of different management 
measures and possible mechanisms for improving land management and achieving desired goals. For 
future works, we must incorporate socio-economic factors not taken into consideration in this study and 
analyze the existence of neighborhood parameter in the model. 
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